INTRODUCTION
Many of fossil power plants, which were constructed during 1960's and 70's and exceed more than 10,000 working hours, have presently been operating while they have been receiving progressive damage, mainly from creep, as the time proceeds.[I, 2] Furthermore, by shifting the base load of power from fossil power plants to nuclear power plants, they are faced to even more severe operating condition such as daily or weekly startup and shutdown in order to correspond to rapid change of the demand for power. As the consequence of this trend, the materials degradation was accelerated. Therefore, a nondestructive technique is now highly required for safely operating plants and predicting the remaining life. It is also important for the technique to be simple and quick-operating to cope with the large number of measuring points. This paper describes an ultrasonic technique for evaluating creep damage in SUS304 stainless steels exposed to the temperature of 973 K at various stresses. The technique is based on the electromagnetic acoustic resonance (EMAR) [3, 4] , which is a combination of the resonant technique and a non-contacting electromagnetic acoustic transducer (EMAT). [5] Incorporation of EMATs in a resonant measurement contributes to improving the weak coupling efficiency of EMA Ts to a large extent. The attenuation measurement using an EMAT is inherently free from any energy losses associated with the contact transduction, resulting in the pure attenuation in a metal sample.
We obtain the ultrasonic velocity from the resonant frequency and the attenuation coefficient from the ringdown curve at a resonance. An EMAT is used to measure the frequency dependence of shear wave attenuation in plate samples. The attenuation exhibits much larger sensitivity to the damage accumulation than the resonant frequency. Approaching the rapture, it increases ten times as large as the initial value. The attenuation evolution shows a good correlation with the creep strain, representing the change of the material's microstructure, apparently due to precipitation.
SHEAR WAVE GENERATION BY THE BULK-WAVEEMAT
In this study, the shear-wave EMAT [5] is used ( Fig. 1) . It consists of a pair of permanent magnets, which have the opposite magnetization directions normal to the sample, and a spiral elongated coil. Shear wave is induced by the following mechanism. When an rf burst current is supplied to the coil placed near the surface of a conducting material, eddy currents are generated in the surface of the material. These currents interact with the static magnetic field produced by permanent magnets to excite the Lorentz force upon electrons carrying the eddy currents. This force makes the mechanical body force and generates an ultrasonic vibration through the collision with ions or other transformation mechanism. As shown in Fig. 1 , the Lorentz force is principally parallel to the surface and results in the polarized shear wave propagating in the thickness direction of the sample. The receiving principal is based on the reverse process of the generation. The effective area of the EMAT was lOx 10 mm 2 •
MEASUREMENT SYSTEM
We measured the resonant frequencies and attenuation coefficients for a number of resonant modes with the superheterodyne phase sensitive detector. [5] We have several steps to determine the pure attenuation within the material, which is independent of measurement Typical resonant spectrum for the stainless-steel plate of 5-mm thickness is shown in Figure 2 .
Second, the resonant frequency is determined from the center axial of the l.oretzian function fitted to the spectrum around a selected peak. Third, we measured the ringdown curve by driving the EMAT at thus obtained resonant frequency. Figure 
RESULTS AND DISCUSSION
We measured the resonant frequencies for 1 to 6 MHz range and their attenuations during the creep test of stainless steel (SUS304) with the bulk-wave EMAT. Figure 5 displays the frequency dependence of the attenuation of Test A (973 K, 120 MPa). The time to rupture was 283 hr. The polarization of the shear wave was parallel to the load. For a comparison, the change of the attenuation due only to heating is also shown. We observe that the attenuation a always increases with the resonant frequency in an accelerating manner in the course of creep. The attenuation a just before rupture is ten times larger than the initial values. The change only by heating is much less than those of crept samples. In the case of the polarization normal to the load, the similar behavior was observed.
In Figure 6 , We plot the creep strain versus the attenuation coefficients for two applied stresses (120 and 130 MPa) at three resonant frequencies (around 1.5,2.5 and 3. The shear wave polarization is parallel to the stress direction. decelerates for a while. Approaching the failure, the attenuation gets larger. In Figure 8 , we plot the creep strain versus the attenuation coefficients from Tests A and B (120 MPa) around three resonant frequencies (1.5,2.5 and 3.5 MHz) and show a good correlation between them in both tests as in Figure 6 and no influence of stopping-restarting procedure in Test B.
We observed the change of microstructure between as-received and crept samples in Test B with an optical microscope. Figure 9 shows the microstructure of crept sample.
The grain size becomes fine and many precipitation particles are formed on the grain boundaries in the course of creep advance, indicating that the large increase of the attenuation be dominated by the scattering effect due to precipitation. 
CONCLUSION

